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(54) Optical wavelength demultiplexer 

(57) An optical wavelength demultiplexer has at 
least two optical fibers (11,12) and a two-dimensional 
array (4) of photodetectors arranged in as many rows 
(41 ,42) as the number of optical fibers and as many col- 
umns as the number of demultiplex channels. Any one 
of said optical fibers (11,12) and a central line of one of 
said rows (41 ,42) which corresponds to said any one of 
the optical fibers are spaced equal distances from the 
optical axis (21) of a focusing element such as a colli- 
mator lens (2) or a concave diffraction grating (5). A light 
ray (101 ,102) emitted from any one of the optical fibers 
(11,12) is demultiplexed by a planar (3) or concave (5) 
diffraction grating into light rays (1011,1012,1021, 
1022), which are applied to a corresponding row (41 ,42) 
of photodetectors to produce output signals in the re- 
spective demultiplex channels. The planar diffraction 
grating (3) and the collimator lens (2) or the concave 
diffraction grating (5) is shared by the at least two optical 
fibers (11,12) which provide input capabilities. 



FIG.1 
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Description 

[0001] The present invention relates to an optical 
wavelength demultiplexer mainly for use in wavelength- 
division-multiplexed optical communications. 
[0002] Heretofore, optical wavelength demultiplexers 
mainly for use in the art of wavelength-division-multi- 
plexed optical communications comprise a single opti- 
cal fiber, a collimator lens, a diffraction grating, and a 
one-dimensional array of photodetectors. In the optical 
wavelength demultiplexers, the optical fiber is posi- 
tioned at the focal point of the collimator lens. Light emit- 
ted from the optical fiber is converted by the collimator 
lens into parallel light that is applied to the diffraction 
grating which is Littrow-mounted. The diffraction grating 
demultiplexes the light with its chromatic dispersion ca- 
pability and applies the demultiplexed light rays to the 
collimator lens, which focuses the light rays on the pho- 
todetectors in respective channels. 
[0003] Another type of optical wavelength demulti- 
plexer comprises a concave diffraction grating, a single 
optical fiber disposed at the focal point of the concave 
diffraction grating, and a one-dimensional array of pho- 
todetectors. Light emitted from the optical fiber is reflect- 
ed and demultiplexed by the concave diffraction grating 
into light rays that are focused on the photodetectors in 
respective channels. 

[0004] If the number of demultiplex channels is to in- 
crease, then the photodetector array will require an in- 
creased number of photodetectors. Since the photode- 
tector array will have an increased width, it will be diffi- 
cult to design aberrations of the collimator lens. 
[0005] One optical wavelength demultiplexer pro- 
vides a single input capability. If an optical wavelength 
demultiplexer system with two or more input capabilities 
is needed, then it is necessary to provide as many op- 
tical wavelength demultiplexers as the required number 
of input capabilities. Since each of the optical wave- 
length demultiplexers has the diffraction grating and the 
collimator lens, or the concave diffraction grating, which 
is expensive, the overall optical wavelength demulti- 
plexer system is highly expensive. 
[0006] According to an aspect of the present inven- 
tion, there is provided an optical wavelength demulti- 
plexer comprising at least two optical fibers, a two-di- 
mensional array of photodetectors arranged in as many 
rows as the number of optical fibers and as many col- 
umns as the number of demultiplex channels, a collima- 
tor lens, and a diffraction grating for demultiplexing a 
light ray emitted from each of the optical fibers into the 
demultiplex channels, any one of the optical fibers and 
a central line of one of the rows which corresponds to 
the any one of the optical fibers being spaced equal dis- 
tances from an optical axis of the collimator lens. 
[0007] The optical fibers and the two-dimensional ar- 
ray of photodetectors may be disposed on a focal plane 
of the collimator lens, and axially symmetric with respect 
to the optical axis of the collimator lens. Specifically, the 



optical fibers and the two-dimensional array of photode- 
tectors may be disposed on a front focal plane of the 
collimator lens, and the diffraction grating may comprise 
a planar diffraction grating disposed on a back focal 

s plane of the collimator lens. 

[0008] According to another aspect of the present in- 
vention, there is provided an optical wavelength demul- 
tiplexer comprising at least two optical fibers, a two-di- 
mensional array of photodetectors arranged in as many 

10 rows as the number of optical fibers and as many col- 
umns as the number of demultiplex channels, and a con- 
cave diffraction grating for demultiplexing a light ray 
emitted from each of the optical fibers into the demulti- 
plex channels, any one of the optical fibers and a central 

is line of one of the rows which corresponds to the any one 
of the optical fibers being spaced equal distances from 
an optical axis of the concave diffraction grating. 
[0009] The optical fibers and the two-dimensional ar- 
ray of photodetectors may be disposed on a focal plane 

20 of the concave diffraction grating, and axially symmetric 
with respect to an optical axis of the concave diffraction 
grating. 

[0010] According to still another aspect of the present 
invention, there is provided an optical wavelength de- 

25 multiplexer comprising at least two optical fibers, a two- 
dimensional array of photodetectors arranged in as 
many rows as the number of optical fibers and as many 
columns as the number of demultiplex channels, and a 
focusing and demultiplexing element for focusing and 

30 demultiplexing a light ray emitted from each of the opti- 
cal fibers into the demultiplex channels, any one of the 
optical fibers and a central line of one of the rows which 
corresponds to the any one of the optical fibers being 
conjugate to each other with respect to the focusing and 

35 demultiplexing element. 

[0011] Any one of the optical fibers and a central line 
of one of the rows which corresponds to the any one of 
the optical fibers may be spaced equal distances from 
an optical axis of the focusing and demultiplexing ele- 

40 ment. 

[0012] A light ray emitted from any one of the optical 
fibers is demultiplexed by the planar or concave diffrac- 
tion grating into light rays, which are applied to a corre- 
sponding row of photodetectors to produce output sig- 

45 nals in the respective demultiplex channels. The planar 
diffraction grating and the collimator lens, or the con- 
cave diff raction grating is shared by the at least two op- 
tical fibers which provide input capabilities. The optical 
wavelength demultiplexer may be relatively small in size 

so and bw in cost. 

[001 3] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 

55 ferred embodiments of the present invention by way of 
example. 

FIG. 1 is a schematic diagram of an optical wave- 
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length demultiplexer having a collimator lens and a 
planar diffraction grating according to a first embod- 
iment of the present invention; and 
FIG. 2 is a schematic diagram of an optical wave- 
length demultiplexer having a concave diffraction 5 
grating according to a second embodiment of the 
present invention. 

[001 4] Like or corresponding parts are denoted by like 
or corresponding reference characters throughout the 10 
views. 

[0015] As shown in FIG. 1, an optical wavelength de- 
multiplexer according to a first embodiment of the 
present invention comprises a plurality of k input optical 
fibers 1 and a planar two-dimensional array 4 of photo- is 
detectors arranged in k rows, i.e., in as many rows as 
the number of input optical fibers 1 and n columns cor- 
responding respectively to n demultiplex channels. The 
input optical fibers 1 and the planar two-dimensional ar- 
ray 4 of photodetectors are positioned on a front focal 20 
plane of a collimator lens 2. The optical wavelength de- 
multiplexer also has a planar diffraction grating 3 posi- 
tioned on a back focal plane of the collimator lens 2. The 
k input optical fibers 1 include a first optical fiber 11 and 
a kth optical fiber 12, and the planar two-dimensional 25 
array 4 of photodetectors includes a row 41 of photode- 
tectors which corresponds to the first optical fiber 1 1 and 
a row 42 of photodetectors which corresponds to the kth 
optical fiber 12. The first optical fiber 11 and the row 41 
of photodetectors, and the kth optical fiber 12 and the 30 
row 42 of photodetectors are axially symmetric with re- 
spect to an optical axis 21 of the collimator lens 2. In 
FIG. 1, the planar two-dimensional array 4 of photode- 
tectors is fragmentarily shown with its central region 
omitted from illustration for the sake of brevity. 35 
[0016] The planar diffraction grating 3 positioned on 
the back focal plane of the collimator lens 2 has its grat- 
ings oriented parallel to the 1 st through kth optical fibers 
11, 12. 

[001 7] An input light ray 1 01 from the first optical fiber *o 
11 is refracted by the collimator lens 2, and demulti- 
plexed into light rays in the respective n channels by the 
planar diffraction grating 3. Of the demultiplexed light 
rays, a signal light ray 1 01 1 in the channel 1 and a signal 
light ray 1012 in the channel n are refracted again by *s 
the collimator lens 2. Of the row 41 of photodetectors 
which is disposed in a position conjugate to the first op- 
tical fiber 1 1 with respect to the collimator lens 2 and the 
planar diffraction grating 3 and corresponds to the first 
optical fiber 11 , a photodetector 411 detects the signal so 
light ray 1011 in the channel 1 , and a photodetector 412 
detects the signal light ray 1012 in the channel n, and 
they produce respective output signals in the channels 
1,n. 

[0018] Similarly, an input light ray 102 from the kth op- ss 
tical fiber 11 is refracted by the collimator lens 2, and 
demultiplexed into light rays in the respective n channels 
by the planar diffraction grating 3. Of the demultiplexed 



light rays, a signal light ray 1021 in the channel 1 and a 
signal light ray 1022 in the channel n are refracted again 
by the collimator lens 2. Of the row 42 of photodetectors 
which is disposed in a position conjugate to the kth op- 
tical fiber 1 2 with respect to the collimator lens 2 and the 
planar diffraction grating 3 and corresponds to the kth 
optical fiber 12, a photodetector 421 detects the signal 
light ray 1021 in the channel 1 , and a photodetector 422 
detects the signal light ray 1022 in the channel n, and 
they produce respective output signals in the channels 
1, n. 

[0019] The collimator lens 2 and the planar diffraction 
grating 3 are shared by the k input optical fibers 1 and 
can produce output signals in the n channels which cor- 
respond respectively to the k input optical fibers 1. 
[0020] In the first embodiment shown in FIG. 1, the 
input optical fibers 1 and the planar two-dimensional ar- 
ray 4 of photodetectors are positioned on the front focal 
plane of the collimator lens 2. However, the input optical 
fibers 1 and the planar two-dimensional array 4 of pho- 
todetectors may be conjugate to each other with respect 
to the collimator lens 2 and the planar diffraction grating 
3 such that the demultiplexed light rays in the channels 
will be concentrated on the planar two-dimensional ar- 
ray 4 of photodetectors. Furthermore, while the planar 
diffraction grating 3 is positioned on the back focal plane 
of the collimator lens 2 in the first embodiment shown in 
FIG. 1, since the light rays refracted by the collimator 
lens 2 are substantially parallel light rays, the planar dif- 
fraction grating 3 operates similarly in a position other 
than the back focal plane of the collimator lens 2 and 
hence may be positioned anywhere behind the collima- 
tor lens 2. 

[0021] In the first embodiment, the collimator lens 2 
and the planar diffraction grating 3 perform a refracting 
(focusing) and demultiplexing function. However, an op- 
tical element which has such a refracting (focusing) and 
demultiplexing function operates in the same manner as 
the collimator lens 2 and the planar diffraction grating 3. 
For example, if a concave diffraction grating or a holo- 
graphic element which has a focusing and demultiplex- 
ing function is positioned in place of the collimator lens 
2 and the planar diffraction grating 3 and the optical fib- 
ers 1 and the planar two-dimensional array 4 of photo- 
detectors are positioned as shown in FIG. 1, then such 
a combination will operate in the same manner as the 
illustrated optical wavelength demultiplexer. 
[0022] An optical wavelength demultiplexer which 
employs a concave diffraction grating according to a 
second embodiment of the present invention will be de- 
scribed below with reference to FIG. 2. 
[0023] As shown in Fl G. 2, the optical wavelength de- 
multiplexer according to the second embodiment of the 
present invention comprises a plurality of k input optical 
fibers 1 and a planar two-dimensional array 4 of photo- 
detectors arranged in k rows, i.e., in as many rows as 
the number of input optical fibers 1 and n columns cor- 
responding respectively to n demultiplex channels. The 
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input optical fibers 1 and the planar two<iimensionai ar- 
ray 4 of photodetectors are positioned on the focal plane 
of a concave diffraction grating 5 which has its gratings 
oriented parallel to the k input optical fibers. The input 
optical fibers 1 and the planar two-dimensional array 4 5 
of photodetectors are spaced equal distances from an 
optica! axis 51 of the concave diffraction grating 5. The 
k input optical fibers 1 include a first optical fiber 11 and 
a kth optical fiber 12, and the planar two-dimensional 
array 4 of photodetectors includes a row 41 of photode- 10 
tectors which corresponds to the first optical fiber 11 and 
a row 42 of photodetectors which corresponds to the kth 
optical fiber 12. The first optical fiber 11 and the row 41 
of photodetectors, and the kth optical fiber 12 and the 
row 42 of photodetectors are axially symmetric with re- is 
spect to an optical axis 51 of the collimator lens 2. In 
FIG. 2, the planar two-dimensional array 4 of photode- 
tectors is fragmentarily shown with its central region 
omitted from illustration for the sake of brevity. 
[0024] An input light ray 1 01 from the first optical fiber 20 
11 is demultiplexed and reflected into light rays in the 
respective n channels by the concave diffraction grating 
5. The demultiplexed light rays include a signal light ray 
1011 in the channel 1 and a signal light ray 1012 in the 
channel n. Of the row 41 of photodetectors which is dis- 2s 
posed in a position conjugate to the first optical fiber 11 
with respect to the concave diffraction grating 5 and cor- 
responds to the first optical fiber 1 1 , a photodetector 41 1 
detects the signal light ray 1011 in the channel 1, and a 
photodetector 412 detects the signal light ray 1012 in 30 
the channel n, and they produce respective output sig- 
nals in the channels 1, n. 

[0025] Similarly, an input light ray 1 02 from the kth op- 
tical fiber 1 2 is demultiplexed and reflected into light rays 
in the respective n channels by the concave diffraction 35 
grating 5. The demultiplexed light rays include a signal 
light ray 1 021 in the channel 1 and a signal light ray 1 022 
in the channel n. Of the row 41 of photodetectors which 
is disposed in a position conjugate to the first optical fib- 
er 11 with respect to the concave diffraction grating 5 *o 
and corresponds to the first optical fiber 11 , a photode- , 
tector 421 detects the signal light ray 1 021 in the chan- 
nel 1, and a photodetector 422 detects the signal light 
ray 1022 in the channel n, and they produce respective 
output signals in the channels 1 , n. & 
[0026] The axial direction of the optical fibers 1 and 
the direction normal to the planar two-dimensional array 
4 of photodetectors do not extend parallel to the optical 
axis 51 of the concave diffraction grating 5. However, 
the axial direction of the optical fibers 1 and the direction so 
normal to the planar two-dimensional array 4 of photo- 
detectors may be parallel to the optical axis 51 if such 
an orientation does not impair the condensing capability 
of the concave diffraction grating 5. 
[0027] Although certain preferred embodiments of the 55 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
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from the scope of the appended claims. 
[0028] It will be appreciated that, at least in its pre- 
ferred form, the present invention provides an optical 
wavelength demultiplexer which is small in size and low 
in cost and which has a single diffraction and a single 
collimator lens or a single concave diffraction grating 
that is shared by two or more input capabilities for 
achieving a required optical wavelength demultiplexing 
function. 



Claims 

1 . An optical wavelength demultiplexer comprising: 

at least two optical fibers; 
a two-dimensional array of photodetectors ar- 
ranged in as many rows as the number of opti- 
cal fibers and as many columns as the number 
of demultiplex channels; 
a collimator lens; and 

a diffraction grating for demultiplexing a light 
ray emitted from each of said optical fibers into 
said demultiplex channels; 
any one of said optical fibers and a central line 
of one of said rows which corresponds to said 
any one of the optical fibers being spaced equal 
distances from an optical axis of said collimator 
lens. 

2. An optical wavelength demultiplexer according to 
claim 1, wherein said optical fibers and said two- 
dimensional array of photodetectors are disposed 
on a focal plane of said collimator lens, and axially 
symmetric with respect to the optical axis of said 
collimator lens. 

3. An optical wavelength demultiplexer according to 
claim 2, wherein said optical fibers and said two- 
dimensional array of photodetectors are disposed 
on a front focal plane of said collimator lens, and 
said diffraction grating comprises a planar diffrac- 
tion grating disposed on a back focal plane of said 
collimator lens. 

4. An optical wavelength demultiplexer comprising: 

at least two optical fibers; 
a two-dimensional array of photodetectors ar- 
ranged in as many rows as the number of opti- 
cal fibers and as many columns as the number 
of demultiplex channels; and 
a concave diffraction grating for demultiplexing 
a light ray emitted from each of said optical fib- 
ers into said demultiplex channels; 
any one of said optical fibers and a central line 
of one of said rows which corresponds to said 
any one of the optical fibers being spaced equal 
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distances from an optical axis of said concave 
diffraction grating. 

An optical wavelength demultiplexer according to 
claim 4, wherein said optical fibers and said two- s 
dimensional array of photodetectors are disposed 
on a focal plane of said concave diffraction grating, 
and axially symmetric with respect to an optical axis 
of said concave diffraction grating. 

10 

An optical wavelength demultiplexer comprising: 

at least two optical fibers; 
a two-dimensional array of photodetectors ar- 
ranged in as many rows as the number of opti- 
cal fibers and as many columns as the number 
of demultiplex channels; and 
a focusing and demultiplexing element for fo- 
cusing and demultiplexing a light ray emitted 
from each of said optical fibers into said demul- 
tiplex channels; 

any one of said optical fibers and a central line 
of one of said rows which corresponds to said 
any one of the optical fibers being conjugate to 
each other with respect to said focusing and de- 
multiplexing element. 

An optical wavelength demultiplexer according to 
claim 6, wherein any one of said optical fibers and 
a central line of one of said rows which corresponds 30 
to said any one of the optical fibers are spaced 
equal distances from an optical axis of said focusing 
and demultiplexing element. 
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